At injection, the presence of linear coupling may result in an increased beam emittance and in increased beam dimensions. Results for the emittance in the presence of linear coupling will be found. These results for the emittance distortion show that the harmonics of the skew quadrupole field close to v, + vy are the important harmonics. Results will be found for the important driving terms for the emittance distortion. It will be shown that if these driving terms are corrected, then the total emittance is unchanged, E , + cy = €1 + €2.
I. THE EMITTANCE FOR COUPLED MO-TION
One definition for the emittances when the particle motion is coupled was given by Edwards and Teng. [l] In four dimensions, one can go from the coordinates x,p,,y,p, to an uncoupled set of coordinates v , p u , u , p u by the transformation [l] A second solution exists with + 1 , p I l a 1 replaced by $2 , p2, az. As in the case of 2 dimensional motion €1 = Y l V 2 + 2a1vpv + PIP:
( 4 4 is an invariant. y1 = (1 + a:) /PI. Similarly, €2 is an invariant , (4b) For two dimensional motion, one can find a, / 3 from the one turn transfer matrix M (s + L, s).
In 4 dimensions, al,/?1 and a2,p2 can be found from the one turn transfer matrix. The process is quite involved [l] , and using Eq. (4) to find cl,^ when the transfer matrix is known is also involved.
A second definition of the emittance was suggested by A. Piwinski [2] which seems easier to apply. The emittance €1 is defined by I c o s p D s i n p x1 is the 4 vector for the eigenfunction of the transfer matrix, which are assumed to be ~1~x 2 = xi, 23, x 4 = xi.
Since ; : Sx has the form of the Lagrange invariant .U* -* *Work performed under the auspices of the US. Department of Energy.
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[4] These results for zl,z3 when put in EQ. (5) give an analytic expression for €1 and €2.
To show that € 1 ,~ defined by Eqs. (4) It also ciin b," shown that
where the integral is over the region of 4-space which lies inside the two surfaces This can be shown by transforming the integral in Eq.
(10) from the z coordinates to the v coordinates and using the result IRI = 1.
ANALYTICAL RESULTS FOR THE EMIT-TANCE DISTORTION AND ITS CORREC-TION
Analytical results for the eigenfunctions of the 4 x 4 transfer matrix were found in Fief. 4. Assuming the eigenfunctions are known the €1 , €2 can be computed as distortion has also been corrected. We will either obtain €1 = E , , €2 = cy or €1 + €2 = E , + cy depending on how IA112 (2 + 7 l y 1 2 ) = 1 well AV has been corrected. .
ANALYTICAL RESULTS FOR THE BEAM SIZE DISTORTION AND ITS CORRECTION
In the previous section, results were found for the emittance distortion, and it was found that if the bn, cn for n N U, + uy and Au are corrected, then the emittance distortion is also largely corrected. For 4 dimensional motion, the connection between the beam size and the emittance is not as simple as it is in the 2 dimensional uncoupled case. In this section the maximum beam size will be computed when the b, , c, and Au are corrected. It will be shown that the beam size distortion is also largely corrected, although in one case it may be increased by a factor which is I 1.414.
The results for zmax,ymax are given below. See Ref.
for details.
E~ is not increased by the linear coupling.
exp [-i ( n + P ) 8x1 2ux bn U1 -U, fn = -
The results for the beta functions, Eq. (25) and the results for coscp, Eq. (26), show that they have the same important driving terms b,, c, for n 2: u,+uy. The higher order also has the same driving term. Thus a correction system that corrects these driving term might be able to correct all these three effects simultaneously.
